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16. ABSTRACT (Umit to 1400 spaces, I.e., approximately 15 single-spaced typewritten lines) 

At 0336 on 12/03/03, the Unit 2 reactor tripped on 2D Steam Generator low-low water level due to the 
cascading trip of the 2C and 2B turbine driven feedwater pumps during 2C feedwater pump testing. While 
testing the 2C feedwater pump stop valves, the high pressure stop valve did not reopen as expected 
during the test due to a piece of age degraded tie wrap lodged in the relay contacts. The 2C feedwater 
pump subsequently tripped. The suspected reason for the trip of the 2C feedwater pump is believed to 
be a simultaneous closed signal from the low pressure and high pressure stop valves. During the start 
of the 2A motor driven feedwater pump, the 2B feedwater pump tripped on overspeed due to high flow 
demand when the 2C feedwater pump tripped and failure of the 2B feedwater pump speed feedback control 
circuit to limit the pump speed below the mechanical overspeed trip setpoint. The 2A motor driven 
feedwater pump could not provide sufficient flow to maintain the Unit 2 Steam Generator water levels 
above the automatic reactor trip setpoint. 

This event is the result of equipment failures and not due to human performance error. The 
significance of this event is an automatic Reactor Protection System actuation when the reactor tripped 
on low-low Steam Generator water level and subsequent Engineered Safety Feature actuation when the 
auxiliary feedwater pumps started. 

This report is being made in accordance with 10 CFR 50.73(a)(2)(iv)(A). 

�
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A. Plant Operating Conditions Before The Event:  

Unit: 2 
�

Event Date: December 3, 2003 Event Time: 0336 

MODE: 1 � Reactor Power: 100 percent 

Reactor Coolant System (RCS) [AB] Temperature:  580  degrees F, Pressure:  2235  psig 

B. Description of Event:  

There were no additional systems or components inoperable at the beginning of this 
event that contributed to the severity of the event. 

On shift 1, 12/03/03, Operations was scheduled to perform a routine 2B and 2C turbine 
driven main feedwater(FM[SJ] pump stop valve surveillance. The test involves 
depressing a pushbutton and observing the proper light indications. A Non-Licensed 
Operator(NLO) was dispatched to the field to locally monitor the stroking of the 2B 
and 2C FW pump stop valves during the testing. 

During the performance of the 2C FW pump stop valve surveillance, the low pressure(LP) 
stop valve was completed first with no problems noted. 

The Unit 2 NSO then depressed the 2C FW pump high pressure(HP) stop valve test 
pushbutton per the surveillance procedure. The valve moved to the closed position. 
The Unit 2 NSO observed the OPEN light extinguished and the CLOSED light lit. The 
TEST light did not come ON as expected per the procedure. Additionally, the HP stop 
valve remained closed and did not reopen as expected. 

The 2C FW pump tripped at 0335:26. The 2B FW pump speed increased and the 2B FW pump 
discharge flow high alarm was received at 0335:27. The 2B FW pump responded as 
expected. With the trip of the 2C FW pump, several feedwater flow mismatch alarms 
were received for all Unit 2 Steam Generators(SG). The Unit 2 Supervisor initiated 
entry into 2BwOA SEC-i, Secondary Pump Trip, abnormal operating response procedure. 

The 2C FW pump recirculation valve was immediately closed in preparation for starting 
the 2A motor driven FW pump. Simultaneously, the auxiliary oil pump for the 2A FW 
pump was started. The oil pump started and the oil pressure available light on the FW 
pump control panel lit. When the 2C FW pump recirculation valve was closed, the 2A FW 
pump was started. The 2A FW pump discharge valve is preset to 25% open for rapid 
start. Positive flow for the 2A FW pump was observed and 2A FW pump flow began to 
increase. 

The Unit 2 NSO continued to increase flow from the 2A FW pump. At this time, the SG 
narrow range water levels were observed to be about 45% (reactor trip setpoint is 
36.3%). At 0335:33 (seven seconds after the 2C FW pump tripped), the 2B FW pump 
tripped. 

The Unit 2 Supervisor directed a turbine runback from the turbine control panel. The 
fourth condensate-condensate booster pump was started to provide more NPSH for the 2A 
FW pump as directed by 2Bw0A SEC-1. 
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At 0336:06, the 2A FW pump discharge flow high alarm was received as the NSO continued 
to increase flow to try and match steam flow. The NSO observed a 500 kilo-pound mass 
(KLB) difference between FW flow and steam flow in each SG. At this time, the SG 
narrow range water levels were observed to be 40%. At 0336:20, Unit 2 tripped on low-
low 2D SG water level and the auxiliary FW(AF)(BA] pumps automatically started 
coincident with the 2D SG low-low water level before the NSO could manually initiate a 
reactor trip. 

The Unit 2 operators and supervisor immediately entered emergency procedure 2BwEP-0, 
Reactor Trip or Safety Injection, due to the Unit 2 reactor trip. 

After the Unit 2 reactor trip, investigations and troubleshooting were performed to 
identify the cause of the 2C FW pump trip. A small piece of age and heat degraded tie 
wrap was found lodged in the R-PB-SVT relay contacts for 2C FW pump HP stop valve test 
circuit that blocked contact closure. The piece of tie wrap in the relay contact did 
not cause the 2C FW pump to trip. However, since the piece of tie wrap prevented the 
relay contact from closing, the HP stop valve remained closed and made up one series 
contact in the FW pump trip circuit. Subsequent investigation for extent of condition 
was conducted and entered into the correction action process to document the findings. 

The trip of the 2C FW pump was believed to be caused by both the HP stop valve and LP 
stop valve closed signals being present at the same time. Both HP and LP stop valves 
closed is a turbine driven FW pump trip signal. The cause of the LP stop valve 
closure signal was not conclusive. A NLO slipped and grabbed the LP closed limit 
switch case (not the limit switch actuating arm) and attached flexible conduit, to 
prevent his fall. The NLO actions were simulated at the 2C FW pump. Based on the 
simulation, the NLO actions were discounted as a cause of the 2C FW pump trip. 

The trip of the 2B FW pump was the result of a failed Tach-Pak (an electronic feedback 
loop to the speed control circuit). The 2B FW pump troubleshooting included a 
calibration check of its speed circuit and found the Tach-Pak was unable to achieve 
proper output voltage. Review of the Tach-Pak circuitry indicated that the Tach-Pak 
failed in a manner that would allow the 2B FW pump to overspeed during the system 
transient following the 2C FW pump trip. The Tach-Pak signal was attenuated and 
provided an erroneously low input signal to the speed controller so that the 2B FW 
pump speed increase continued until an overspeed condition was reached and the 
mechanical overspeed trip actuated. 

Analysis of the Tach-Pak unit by a testing lab found the R17 voltage input load 
resistor failed (i.e., shorted). This failure allowed full input voltage to zener 
diodes CR10 and CR9 causing extreme heating of these components and failure of CR10. 
Filter capacitor C3 was also damaged due to age degradation. The lab concluded that 
the failure of the components in the Tach-Pak was due to age degradation. 

C. �Cause of Event 

The root cause for the Unit 2 reactor trip is a cascading trip of the 2C and the 2B 
Feedwater (FW) pumps caused by a lack of preventative maintenance(PM). The 2C FW pump 
tripped first while testing the turbine stop valves. A piece of age degraded tie wrap 
was found in the test relay. The actual cause of the 2C FW pump trip is not known but 
is suspected to be the result of the simultaneous low pressure (LP) stop valve closed 
signal and the high pressure (HP) stop valve closed signal. The 2B FW pump 
subsequently tripped on overspeed due to age degradation of the speed feedback Tach-
Pak module. Neither of the FW pump local control cabinets were inspected or cleaned 
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on a routine basis per any PM process. Although the speed control circuits for the 
turbine driven FW pumps are calibrated on a two-year frequency, the Tach-Pak modules 
are not replaced on a routine basis per any PM process. 

D. Safety Consequences:  

There were no safety consequences impacting plant or public safety as a result of this 
event. The reactor trip system responded as intended to the low SG level condition 
and shut down the reactor without incident. The AF system functioned as intended to 
provide decay heat removal. The fourth quarter 2003 Unit 2 NRC Performance Indicator 
for Unplanned Scrams per 7,000 Critical Hours is well within the green band (i.e., low 
safety significance) at a value of 0.8. 

There were no safety system functional failures associated with this event. 

E. Corrective Actions:  

The piece of age degraded tie wrap in the relay contact did not cause the 2C FW pump 
to trip. However, since the piece of age degraded tie wrap prevented the relay 
contact from closing, the HP stop valve remained closed and made up one series contact 
in the FW pump trip circuit. The closure of the LP stop valve contact in the closed 
limit switch or a ground in the LP closed limit switch would result in the second 
series contact to cause the 2C FW pump to trip. The trip of the 2C FW pump was the 
initiating event and resulted in a challenge to the 2B FW pump and subsequent trip. 
Although the 2C FW pump trip resulted in a reduction in FW flow to the SGs, the 
Operator's timely action of starting the 2A FW pump would have prevented an automatic 
reactor trip if the 2B FW pump had not tripped. 

Some FW pump control panels have been inspected for missing or damaged tie-wraps with 
inspection activities scheduled for the remaining FW pump control panels. Damaged 
tie-wraps were replaced with a tefzel equivalent. The use of tefzel tie-wraps is 
being evaluated in panels or control cabinets where prolonged exposure to heat may 
degrade standard use tie-wraps for securing electrical/electronic components. 

The Tach-Paks in the Braidwood turbine driven FW pumps are original equipment. The 2B 
FW pump Electro-Hydraulic(EH) speed controller, which includes the Tach-Pak module, is 
calibrated on a two-year frequency. Other PM actions were created to replace or 
refurbish the circuit cards in these controllers; but, no PM actions were established 
for the replacement of the Tach-Pak modules. Failure of the Tach-Pak was analyzed and 
it was identified that the voltage load input resistor failed (i.e., shorted) causing 
extreme heating and subsequent failure of two zener diodes inside of the unit. The 
cause was determined to be age degradation. 

The failure of electronic speed control circuits is applicable to the industry and all 
electronic speed control systems. Corrective actions are to replace the Tach-Paks in 
the short-term, in each of the Braidwood turbine driven FW pumps and create a PM 
action to replace the Tach-Paks on a 10-year frequency. Procedure enhancements will 
monitor Tach-Pak operation and initiate actions to test the Tach-Paks during turbine 
driven FW pump startup and during routine testing of the Tach-Paks. 

F. Previous Occurrences:  

There have been no similar events at Braidwood Station. 
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G. �Component Failure Data:  

Manufacturer 
�

Nomenclature 
�

Model �Mfq. Part Number 

Airpax 
� Tach-Pak 
�

075-636-1 075-636-1 X 11 
Electronics 
� X 11 
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